Polycyclic aromatic hydrocarbons (PAHs) are considered as priority pollutants because of their 21 high risk to human health. In this paper, we addressed the issue of using hydrotalcite-based 22 nanocomposites as adsorbents of six low molecular weight PAHs (acenaphthene, fluorene, 23 phenanthrene, anthracene, fluoranthene and pyrene) to reduce their negative effects on the 24 environment. A nanocomposite (HT-DDS) was prepared by intercalating the organic anion 25 dodecylsulfate (DDS) in a Mg-Al hydrotalcite (HT), and then characterized using several 26 analytical techniques. A Mediterranean soil was selected for being a high-risk scenario of 27 groundwater contamination by leaching of pollutants. The nanocomposite displayed enhanced 28 affinity for the PAHs in water as compared to carbonate-hydrotalcite (HTCO 3 ) and its calcined 29 product (HT500), and showed a high irreversibility of the adsorption process (hysteresis 30 coefficient, H < 0.15). The results revealed an increase of the pollutants retention in the soil by 31 the addition of the nanocomposite that depended on the nanocomposite application rate and also 32 on the hydrophobicity of each PAH. Accordingly, the use of HT-DDS as an amendment or 33 barrier in contaminated soil is proposed for reducing the mobility of PAHs and, consequently, 34 the adverse effect derived from rapid transport losses of the pollutants to the adjoining 35 environmental compartments. 36 37
Introduction 42
The nature of Mediterranean soils is strongly influenced by climate conditions, characterized 43 by long periods of drought, together with short, strong, and irregular rainfalls. These 44 characteristics contribute to the creation of natural systems sensitive to degradation, entailing a 45 situation of high risk for chemical pollution of various kinds. 46
A representative group of organic pollutants are the polycyclic aromatic hydrocarbons 47 (PAHs), whose study is prioritized by their great ubiquity, potential bioaccumulation, 48 carcinogenicity, and resistance to biodegradation [1, 2] . PAHs are often found in contaminated 49 soils as a mixture of low (2-4 aromatic rings) and high (5 or more aromatic rings) molecular 50 weight compounds, generally owning hydrophobic characteristics and low solubility in water. 51
Nevertheless, low molecular weight PAHs are less hydrophobic and more water soluble than 52 high molecular weight PAHs, and hence can display greater mobility in soils and increased risk 53 of pollution of adjacent aquatic ecosystems. In this work, six PAH compounds (acenaphthene, 54 fluorene, phenanthrene, anthracene, fluoranthene and pyrene) have been selected primarily by 55 their low molecular weight, higher solubility and lower hydrophobicity compared with other 56 chemicals of the same nature. 57
There is growing interest in the study and development of new adsorbents applicable to the 58 6 to the same process described above. Afterward, an aliquot of the sample was calcined at 500 ºC 123 to obtain magnesium aluminum oxide Mg 3 AlO 4.5 (HT500). 124
HT-DDS and HTCO 3 were characterized by different physicochemical techniques. 125
Elemental chemical analysis of Mg and Al was conducted using atomic absorption spectrometry 126 on a Perkin Elmer AA-3100 instrument, after dissolving the samples in a 10% HCl solution. 127
Elemental C, N and S analyses were conducted in a Perkin Elmer 240C analyzer. 128
Powder X-ray diffraction (PXRD) diagrams were collected at room temperature under air 129 conditions, on a Siemens D-5000 instrument with CuK radiation (λ = 1.54050 Å) and quartz as 130 an external standard. The Fourier-transform infrared (FT-IR) spectra were obtained with a 131
Perkin Elmer Spectrum One spectrophotometer using the KBr disk technique. One hundred 132 scans were averaged to improve the signal-to-noise ratio, at a nominal resolution of 2 cm ), m is the adsorbent mass (kg) and V is the solution volume (L). 156
Desorption was performed immediately after adsorption from the highest equilibrium point 157 of the adsorption isotherm. The 4 mL of supernatant removed, and used for the adsorption 158 analysis, were replaced with 4 mL of distilled water. After shaking for 24 h at 20 ± 2 ºC, the 159 suspensions were centrifuged, and the equilibrium concentrations of the PAHs in the 160 supernatant were determined by HPLC. This desorption procedure was conducted three times. 161
Adsorption-desorption data were fit to the logarithmic form of the Freundlich equation: log C s 162
) and N f (unitless) are the empirical Freundlich 163 constants. Hysteresis coefficients, H, were calculated according to H= N f-des / N f , where N f and 164 N f-des are the Freundlich slopes of the adsorption and desorption isotherms, respectively [25] . 165 166
PAHs adsorption by unamended and organo/LDH-amended soil 167
Triplicate samples (100 mg) of soil were amended with HT-DDS at different rates (0%, 4% 168 and 10%) in order to evaluate its effect on PAHs adsorption compared with unamended soil 169 samples. The mixture was homogenized and 10 mL of an aqueous solution containing the six 170
PAHs selected at C i = 50 μg L -1 each was added. PAHs adsorption was measured using the 171 batch equilibration procedure by stirring the samples for 24 h at 20 ± 2 ºC, after which they 172 were centrifuged at 4000 rpm for 20 min and the amount of PAHs in the supernatant was 173 analyzed by HPLC. Quantification of the adsorbed PAHs was achieved from the difference
Organo/LDH as an immobilizer amendment in a PAH-contaminated soil 178
The effect of HT-DDS as an amendment to reduce the mobility of PAHs in a previously 179 contaminated soil was studied by means of a desorption experiment in which 100 mg of soil 180 was spiked with 100 mg kg -1 of each PAH, previously dissolved in acetone. The organic solvent 181 was allowed to evaporate afterward for 24 h at room temperature. Then, two different amounts 182 of HT-DDS (4% and 10% w/w) were added to the soil and the mixture was homogenized. The empirical formula of the HTCO 3 sample was derived from its chemical composition. On 207 the basis of the lack of N in the samples, CO 3 2-was assumed to be the intercalated anion, 208 whereas the water content was obtained from the mass lost in the corresponding TG-curves (not 209 shown). For HT-DDS, the S/Al molar ratio (S/Al = 1.28), allows to determine the organic anion 210 content, which is higher than that required to compensate the layer charge (S/Al = 1). This 211 phenomenon has also been observed by other authors for Mg-Al hydrotalcites [18, 26] , and 212
indicates that a number of DDS anions should be associated with sodium ions (or hydrogen 213 ions) to balance the charge. You et al. [18] reported that the excess of surfactant intercalated 214 could be due to non-polar interactions with the hydrophobic alkyl groups of exchanged DDS 215
anions. In fact, the high affinity between DDS and the LDH surface has been confirmed in a 216 previous study on the effect of DDS adsorption on the surface charge characteristics of LDH, 217
where DDS was found to change the positive electrokinetic (ζ) potential values of a Mg-Al-Cl 218 LDH to negative values even at low amounts of adsorbed DDS [27] . 219
The PXRD patterns obtained for HTCO 3 , HT-DDS, and HT500 are shown in Fig (Fig. 2B) , which was recorded as a reference. As expected, the 232 infrared spectra of HTCO 3 ( Fig. 2A) and HT-DDS (Fig. 2C) showed the greater affinity of the PAHs for HT-DDS than for HTCO 3 and its calcined product 255 (HT500), which could be attributed to hydrophobic interactions between the PAHs and the alkyl 256 chains of the DDS anions. This result is very similar to that previously reported for the 257 adsorption of the herbicides carbetamide, metamitron and terbuthylazine by the same adsorbentsfrom hydrophilic to hydrophobic increases its affinity for hydrophobic compounds, such as 260
PAHs, by adsolubilization mechanisms [16, 19] . 261
The adsorption of the PAHs by HT-DDS increased with the molecular weight of the 262 compound, reaching up to 100% for fluoranthene and pyrene at all concentrations tested. in those cases where its calculation was possible. Otherwise, these results also confirmed the 273 very high affinity of the PAHs to HT-DDS, where once adsorbed, water is not able to reach the 274 adsorption sites where PAHs remain retained [35] . This may be interesting from the point of 275 view of the applicability of these nanomaterials as adsorbents of PAHs as a water 276 decontamination strategy. 277 278
PAHs adsorption by unamended and HTDDS-amended soil samples 279
Since HT-DDS displayed good adsorbent properties for the PAHs, we studied its application 280 as an amendment to increase the adsorption capacity of a typical Mediterranean soil. The soil 281 was chosen because of its physicochemical characteristics, with a coarse texture and low 282 organic matter content resulting in a high-risk leaching potential for chemicals like the PAHs 283 studied. Figure 4 shows the results of the PAHs adsorption to the Mediterranean soil, 284 unamended and amended with different amounts of HT-DDS (4% and 10% w/w). Adsorption of 285 non-polar organic compounds strongly depends on the organic carbon (OC) content in soil or 286 sediment [36, 37] . In this case, the soil presents a low capacity of adsorption for the lowermolecular weight PAHs, probably due to its low organic matter content. Adsorption increased 288 with the hydrophobicity of the PAHs and their molecular weight (from acenaphthene: ~ 13%, to 289 pyrene: ~ 60 %, Table 1) , with a very good correlation between log K ow and log K d (Fig. 5) , 290 which suggests the dominance of nonspecific interactions (van der Waals forces) in the 291 adsorption mechanism of these compounds [38] . 292
The application of HT-DDS to the soil increased its adsorption properties for the six PAHs. 293
The increase in adsorption was particularly high for the more hydrophilic PAHs as a result of 294 the low affinity of these PAHs for the unamended soil (Fig. 4) . It is noticeable that the increase 295 in adsorption depended on the amount of organo/LDH added. However, the differences found in 296 the PAH adsorption after increasing the amount of nanocomposite added to the soil, from 4% to 297 10%, was not so important. This could be due to the high affinity of the nanocomposite for the 298
PAHs and the high amount of amendment used. Consequently, the percentage of amendment is 299 a parameter that must be optimized from the point of view of the adsorption efficiency. The results show that the adsorption of PAHs by the soil increased after its amendment with 312 HT-DDS, being the values of the experimental adsorption coefficients for the mixtures close to 313 those expected (Table 4) . Unlike previous findings with organoclays for adsorbing polar non13 adsorption sites and the nanocomposite maintained the performance in adsorbing PAHs. It 316 should be noted that acenaphthene did not meet the prerequisite of linearity (N f = 1) required to 317 use Eq. 2 (Table 3) referenced to the amount desorbed from unamended soil. 501 Table 1 Molecular structure and physicochemical properties of the PAHs.
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